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ABSTRACT 


U.S. Navy sailors experience long periods of sleep deprivation while performing 
risky tasks requiring skill and concentration. Prior studies have identified this problem 
area, but changes to the Navy’s culture have been slow. This thesis highlights sleep 
deprivation of sailors and its effects on their mood, behavior, and risk of suicide. It also 
compares the sleep duration of sailors on the USS Ashland (LSD-48) to other platforms 
in the Navy. This study is important because of the high cost of failure as shown by 
recent collisions and multiple suicides. We have conducted a longitudinal, cross-sectional 
study of sailors’ sleep habits and have analyzed the data to determine sleep habits of 
sailors, used statistical methods to analyze the impact of sleep on mood and behavior, and 
conducted a review of scientific literature to explore the risk factors of suicide. This study 
found that the sailors on the Ashland averaged 6.33 + 1.14 hours of sleep. This amount of 
sleep is comparable to other archival naval studies, with 32 (87%) of those 37 studies 
showing that sailors sleep less than the recommended amount. Lack of sleep was found to 
be related to worse total mood disorder and increased probability of risky behavior. 
Finally, numerous suicide risk factors were found to be present in the study participants. 
Sailors across the Navy are sleep deprived and are at an increased risk of suicide or 


mishap. 
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EXECUTIVE SUMMARY 


Over the past 20 years, the U.S. Navy has reduced manning levels and cut the 
number of active ships without a corresponding decrease in the mission requirements of 
their sailors (Rodney et al., 2009). Despite a push in recent years to expand the number of 
active ships, this mismatch between requirements and resources has increased the strain on 
sailors to a point that is unsustainable. An alarming increase in the number of suicides 
during this same period has resulted in the loss of precious lives while major accidents have 
caused grave harm to fleet readiness (Department of Defense, 2018). The intent of this 
study was to highlight some of the hazards and conditions that exist in the fleet and to make 


recommendations for mitigating some of those negative outcomes. 


The first goal was to investigate the amount of sleep received by sailors on the USS 
Ashland during an underway period and to compare that sleep to other U.S. Navy 
populations. The recommended amount of sleep for an adult is 7 or more hours. It was 
found that on average the sailors received significantly less than the recommended amount 
of sleep (M = 6.33, SD = 1.14, p < .001). This sleep duration was also compared to data 
from 37 other platforms across the U.S. Navy to see if it differed from the sleep received 
by sailors on other ships. Clearly, the sailors in commands studied across the Department 
of Defense (DOD) do not sleep as much as they need; however, the study found that sailors 
on the Ashland did not receive significantly less sleep than those at other commands (p 
<.001). The 38 groups together averaged 6.35 hours of sleep per night (SD = 1.12), with 
only five (13%) of the studies finding sailors who averaged more than 7 hours of sleep per 


night. 


To highlight some of the risks associated with lack of sleep, this thesis also explored 
the relationships between sleep, mood, behavior, and risk of suicide. It was found that, 
although not a powerful predictor of mood or behavior, sleep quality accounted for 11% of 
the variance in mood. Sleep quality was a significant predictor of nicotine use and caffeine 
use, while sleep duration was related to the use of electronics prior to bed (p = .002). As 


sleep quality decreased, mood deteriorated and risky, or destructive behaviors became 


XV 


more likely. The p-values for the various mood and behaviors are as follows: total mood 


disorder (p = .004), and high caffeine intake (p < .001). 


In addition to mood and behavior, scientific literature points to sleep as a factor in 
suicide. Sleep problems can be a warning sign for suicide and can also be a direct risk 
factor for suicide. All risk factors were summed to gain an understanding of which groups 
on the ship were at greater risk of suicide than others. It was found that those with the 
highest number of risk factors for suicide had as many as 12 risk flags while those with the 
least had only a single risk flag. The groups most at risk were junior enlisted and officers 
in those departments that traditionally carry the majority of the watchstanding duties. While 
these risk values are subjective, and not prescriptive, they should give leadership reason to 


take a closer look at the conditions under which sailors are being made to work. 


Based on the findings of this study, recommend increasing manning on U.S. Navy 
ships in order provide sufficient numbers of qualified watchstanders to cover necessary 
duties. This addition will reduce workload on sailors. It is also recommended that 
watchbills be created based on industry best practices and following the nine principles for 
shiftwork developed by Miller (2008). Finally, it is advised that senior U.S. Navy 
leadership return the recommended amount of sleep to that listed in the Navy Standard 
Work Week, OPNAVINST 1000.16L (Office of the Chief of Naval Operations, 2019). The 
absence of clear guidance by senior leadership sends the message that the condition under 
which our sailors operate for much of their careers does not matter. The scientific literature 
is clear: sleep is important; in many cases it may mean the difference between life and 
death. Leaving sleep out of policy guidance is a mistake for which the stakes are 


unaffordable. 
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I. INTRODUCTION 


A. BACKGROUND 


Preventing suicide in the Navy is an all hands responsibility. Each life lost 
is one too many. 


— Office of the Chief of Naval Operations (2018) 


In November of 1998, I joined the Navy and selected orders to the USS Tortuga 
(LSD-46). The ship spent most of its time conducting counter-drug operations and training 
with marines from various allied countries. While challenging and fast-paced, the 
environment was positive and many of the sailors seemed content. In September of 2001, 
in the middle of a shipyard maintenance period, everything changed. As the second tower 
fell in New York City, the ship reacted by manning all the 50-cal machine gun stations on 
the port side of the ship facing the Elizabeth River and drastically increasing the number 
of security watches throughout the ship. Prior to September 2001, at-sea watches were 
extensive, but sailors could always look forward to in-port times to rest, recover, and 
perform the maintenance they were unable to accomplish at sea. After that date, sailors 
were subjected to an unending barrage of nighttime security watches and longer, more 
grueling deployments. Duty sections changed from a four-section rotation in which the 
average junior sailor could expect to stand one, four-hour watch per duty day to a three- 
section rotation standing two or three watches per day. In addition to the lack of sleep, 
inadequate manning was an additional stressor. For example, my work center was billeted 
for ten people, but had only six sailors. The increased op-tempo and lack of sleep took a 
heavy toll on the crew. Out of the six sailors from my work center, one deserted, one was 
separated for drug use, and another committed suicide. Fifty percent of our available 


workforce was degraded or eliminated in a short span of time. 


In the years since, the Navy has maintained the high number of watches stood by 
their sailors both at sea and in port, increased the number of deployments and their duration, 
cut manning levels, and decreased the number of active ships. Since 2006, the U.S. Navy 


1 


has lost another 694 active duty sailors to suicide (Bureau of Naval Personnel, 2020). This 
thesis is intended to assess the conditions under which sailors operate in today’s navy and 
examine the potential risks of continuing to operate in this manner. Because sleep is 
inextricably linked to fatigue and psychological health, it is important to examine the work 
and rest patterns of sleep received by sailors and to explore how sleep effects mood and 
behavior. This exploration will allow naval leadership to better understand the risks faced 


by our Navy and develop policies to mitigate those risks. 


B. SCOPE 


This study uses questionnaires, wrist-worn actigraphic data, and self-reported daily 
activity log information to investigate the sleep of sailors onboard the USS Ashland. It uses 
pre-collected data from other archived sleep studies to compare the USS Ashland sailors’ 
sleep duration to those of other USN sailors. It uses questionnaires responses to model the 
impact sleep has on mood and behavior. Finally, it combines all the collected data to 
explore potential suicide risk factors present in the study population, particularly those 


associated with short sleep duration, erratic sleep timing, and poor sleep quality. 


C. OBJECTIVE 


The first question this thesis seeks to answer is whether a sleep debt exists among 
the USS Ashland’s sailors. A secondary area of investigation is to compare the USS 
Ashland’s sailors with other populations to see if there is a significant difference in the 
amount of sleep received by the USS Ashland’s sailors and other comparable populations. 
Comparable populations would be primarily from other Navy ships or shore commands. 
Since the archived studies used in this comparison did not always consist of the same 
questionnaires and were not conducted under identical conditions, only the data which 
overlapped the current study were used and only the summary data were used for 
comparison since the researcher did not have access to the raw data. The third question this 
thesis attempts to answer is to explore the relationship between sleep and mood or sleep 


and behavior. 


The final section of this thesis explores links between risk of suicide and poor sleep 


quality, short sleep duration, and other risk factors. Many studies have shown a connection 
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between suicide and sleep with a strong correlation between short sleep, poor sleep quality, 
and the risk of suicidal ideation, suicidal attempts, and suicide. Although no suicide 
information was collected during this study, the factors which were collected will be used 
to highlight the potential risk factors of suicide present in the participants. The methods 
and procedures for data collection and cleaning as well as the handling of missing data are 


described in Chapter III. 


D. THESIS ORGANIZATION 


The remainder of the thesis is organized as follows: Chapter II explores the 
literature available relating to the questionnaires used, data collected, and studies the 
scientific background that relates sleep duration and quality with suicide and mortality risk. 
Chapter III covers the methods used in the data collection and analysis. Chapter IV presents 
the results and elaborates in more detail the demographics, perceptions, models, and study 
findings. Chapter V draws conclusions based on the study findings and makes 


recommendations to the Navy’s Chain of Command. 
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I. LITERATURE REVIEW 


This chapter explores the literature relating to sleep, suicide, and a few of the risk 


factors associated with suicide. 


A. SLEEP 


Because the goals of this thesis are to measure the sleep habits of the study’s target 
population and to explore the relationship between sleep and suicide, it is important to 
understand what the term sleep means. “Sleep is a rapidly reversible state of reduced 
responsiveness, reduced motor activity and reduced metabolism” (Seigel, 2009, p. 1). 
Carskadon and Dement (2011) used a healthy 19-year-old male subject with a consistent 
sleep schedule of about eight hours per night to begin a description of sleep. According to 
their work, sleep can be divided into two types, non-rapid eye movement (NREM) and 
rapid eye movement (REM) with NREM sleep being comprise of four levels. In their 
description, the young adult enters Stage 1 of NREM and over approximately 80 minutes, 
slowly progresses to deeper levels of sleep, Stages 2 through 4. Stage | typically lasts less 
than 10 minutes, Stage 2 lasts 10-25 minutes, Stage 3 lasts only a few minutes, and Stage 
4 lasts 20-40 minutes (Carskadon & Dement, 2011). The sleeper then progresses into REM 
sleep, which is usually short, between | and 5 minutes. This progression is called the 
NREM-REM cycle and occurs approximately three times per night with each cycle 
between 70 and 120 minutes in duration (Carskadon & Dement, 2011). Of the total time 
spent asleep in a night, NREM sleep constitutes about 75% to 80% of total time spent in 
sleep, and REM sleep constitutes the remaining 20% to 25% (Institute of Medicine, 2006). 
Figure 1 shows the typical progression of sleep in a young adult. Although the exact 
purposes of each stage of sleep are not completely understood, it is assumed that REM and 
NREM serve different functions because the behavioral characteristics of the sleeper are 
significantly different in each stage. For example, in NREM, brainwaves show slow wave 
patterns and sleep spindles while REM sleep activity looks similar to wakefulness (Cirelli 
& Tononi, 2008). According to de Andrés et al. (2011) NREM is probably necessary to 


normalize synapses and the need for sleep seems to increase when learning has occurred 


during wakefulness. This finding implies that it may be associated with transferring 
information into memory. The timing of sleep and wakefulness is called the circadian 
rhythm. The circadian rhythm is controlled through chemical processes in the human body 
that regulate the sleep and wake alternations though an approximately 24-hour cycle 
(Circadian Medicine, 2015). This alternation between wake and sleep differs based on the 


needs of the person (Abbot et al., 2013). 


Wake 
Stage 1 
Stage 2 
Stage 3 
Stage 4 


REM 
Body ~ 
movement 49:00 1:00 2:00 3:00 4:00 5:00 6:00 7:00 
Time (a.m.) 


Figure 1. Progression of Sleep States across a Single Night in Young 
Adult. Source: Carskadon & Dement (2011). 


Three basic components of sleep determine if sleep needs have been met, i.e., 
duration, quality, and timing. “Healthy sleep requires adequate duration, good quality, 
appropriate timing and regularity, and the absence of sleep disturbances or disorders” 
(Watson et al., 2015, p. 843). The lack of any of these aspects of sleep can lead to sleep 
problems. Regarding duration, adults need seven or more hours of sleep per night to 
function optimally and maintain good health. (Watson et al., 2015). Adolescents and young 
adults may need more than 7 hours of sleep, as much as 9-10 hours (Carskadon et al., 
1993). Hafner et al., (2016) found in a National Sleep Foundation survey conducted in 
2013, that approximately 21% of Americans do not receive the recommended amount of 
sleep. The quality of sleep is important since both types of sleep, REM and NREM, are 
necessary and interruptions in the sleep cycle resets the sleep to higher stages, thereby 


potentially preventing that sleeper from achieving the optimal progression through the 
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stages of sleep. Although not well-defined in the literature, the consensus is that poor sleep 
quality is associated with reduced Stage | sleep and more Stage 3 and 4 (Harvey et al., 
2008). Poor sleep quality is associated with subjective measures such as the ease of falling 
asleep, the number of sleep disturbances, and restlessness during the night, among others 
(Harvey et al., 2008). The timing of sleep is important because the body produces and 
releases various hormones during the 24-hour wake-sleep period that help the person fall 
sleep or awaken as appropriate (Abbot et al., 2013). The body is unable to change the 
production of hormones immediately when an advance or delay of the circadian cycle is 
required (Circadian Medicine, 2015). Change in the timing of sleep results in circadian 
disruption and can be caused by changing time zones, shift work, or misalignment of the 
habitual sleep schedule (Abbott, Reid, & Zee, 2015). Because of the way modern society 
functions, there are many environmental disruptors of normal circadian rhythms (Voigt, 
Forsyth, & Keshavarzian, 2013). These disruptors include late-night activity, long-term 
night shifts, rotating shifts, and jet lag (Voigt et al., 2013). 


Numerous problems are associated with insufficient sleep. Common sleep 
problems are “sleep loss, sleep-disordered breathing, insomnia, narcolepsy, restless legs 
syndrome, parasomnias, sleep-related psychiatric disorders, sleep-related neurological 
disorders, sleep-related medical disorders, and circadian rhythm sleep disorders” (Institute 
of Medicine, 2006, p. 55). The American Academy of Sleep Medicine (2001) groups sleep 
disorders into three main categories: Dyssomnias, Parasomnias, and Sleep Disorders 


associated with mental, neurological, or other medical disorders. 


(1) Dyssomnias 


Dyssomnias consist of sleep problems due to intrinsic factors such as sleep apnea, 
or restless leg syndrome; extrinsic factors such as environmental sleep disorder, or 
alcohol dependent syndrome; and circadian-rhythm sleep disorders such as time 
zone change (jet lag) syndrome, or shift work sleep disorder. 


(2) Parasomnias 


Parasomnias consist of people who have arousal disorders, such as sleepwalking 
or night terrors; sleep-wake transition disorders, such as sleep talking; REM sleep 


parasomnias, such as sleep paralysis and nightmares; and other parasomnias, such 
as primary snoring. 


(3) Other Sleep Disorders 


Sleep disorders associated with mental, neurological, or other medical disorders 

Other sleep disorders consist of those associated with mental, anxiety, and other 

disorders. Examples of these disorders include mood, neurologic, and those 

associated with other medical disorders such as fibromyalgia and sleep-related 
asthma. 

Lack of sleep can lead to what is called “sleep debt.” The costs of incurring a sleep 
debt can be high depending on the duration and extent of the debt (Coren, 1996). For 
example, loss of sleep leads to high economic cost. The United States loses approximately 
1.23 million working days per year due to insufficient sleep (Hafner et al., 2016). “The 
cumulative long-term effects of sleep loss and sleep disorders have been associated with a 
wide range of deleterious health consequences including an increased risk of hypertension, 
diabetes, obesity, depression, heart attack, and stroke” (Institute of Medicine, 2006, p. 55). 
In addition to the economic and health risks of sleep loss, lack of sleep can lead to degraded 
cognitive performance, which does not immediately disappear after a night of full sleep 


(Belenky, 2003). 


B. SLEEP IN NAVAL POPULATIONS 


Numerous studies have been conducted on sleep in the U.S. Navy. Beginning in the 
1940s, U.S. Naval researchers have mentioned the importance of sleep relating to training, 
performance, and morale (Raynes, 1947; Pollich, 1947; Mackel, 1949). Over the past few 
years, the Human Systems Integrations (HSI) Lab in Monterey, California has collected 
data on more than 40 populations across the Department of the Navy. This current study 
builds on some of the more recent studies. Thirty-eight of these archived data sets spanning 
different operating environments from training commands to deployed ships were 
reviewed. Out of 38 studies, only five groups (13%) averaged more than seven hours of 
sleep per night. Since watchstanding is one of the factors affecting sleep in the Navy, 
various watch schedules have been investigated to determine which rotations provide the 


best sleep opportunities for sailors (Shattuck & Matsangas, 2016; Matsangas & Shattuck, 
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2018). Some of the watch schedules that have been tried are 5-hour on watch/ 10-hour off 
(“5/10”); 3-hour on, 9-hour off (‘3/9’); 6-hour on, 6-hour off (“6/6”); 3-hour on/3-hour 
off/3-hour on/15-hour off (3/3/3/15”); and many others. The consensus is that 3-hour on/ 
9-hour off provides the longest duration for sleep for many watchstanders, though some 
may prefer 3-hour on/3-hour off/3-hour on/15-hour off (3/3/3/15) (Shattuck & Matsangas, 
2016; Matsangas & Shattuck, 2018). Even on the 3/9 schedule, the sailors received less 
sleep than is recommended by the medical community. Yokeley (2012) found that sailors 
on the 3/9 schedule received 6.11 hours of sleep (SD = 0.852) compared to 5.56 (SD = 
0.788) on the 5/15. In another study on the USS Jason Durham, the sailors on the 3/9 
schedule received 6.46 +0.77 hours versus 5.89 +0.87 hours on the 6/6 schedule 
(Matsangas & Shattuck, 2014). Although in OPNAVINST 1000.16K, the Secretary of the 
Navy allocated 56 hours of sleep per week to each sailor in an afloat operational status, this 
recommendation was removed in version L (Office of the Chief of Naval Operations 
[CNO], 2015; CNO, 2019). The week is still divided into two categories. On duty, or naval 
availability factor (NAF) time, is 81 hours per week. Non-available time is 87 hours per 
week. On duty time is when the sailors perform their required duties: watchstanding (56 
hours), work (11 hours), training (8 hours), and service diversion (6 hours). Productive 
work time (67 hours) includes watchstanding and work. Non-available time has been 
defined as the difference between 168 hours and the available time, or 87 hours per week 
(CNO, 2019). Despite the removal of sleep duration from the NAF, in 
COMNAVSURFLANTINST and COMNAVSURFPACINST 3120.2 two United States 
Naval Type Commanders (TYCOM) still instruct that their sailors receive a minimum of 


seven hours of sleep under normal circumstances (2017). 


C. SUICIDE 


Another aim of this thesis is to explore the relationship between sleep and suicide. 
The Gale Encyclopedia of Public Health (2013) defines suicide as the intentional taking of 
one’s own life. According to the World Health Organization (2020), close to 800,000 
people die due to suicide each year and it is the second leading cause of death for those 
aged 15-29 years. There are three levels of suicide that are commonly found in literature: 


suicidal ideation, suicide attempts, and suicide completion. Most often suicide completion 
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is called suicide and the other two levels are specifically identified. Figure 2 shows the 
number of people who reported having suicidal ideation, those who made non-fatal 
attempts, and the number of those who made plans to attempt suicide during 2017. These 
data come from the Substance Abuse and Mental Health Services Administration 


(SAMHSA). 







9.8 million adults had 
serious thoughts of 
committing suicide 


1.0 million adults 
made plans and 
attempted suicide 


1,3 million adults 
Place) ciem iets fel 


0,3 million adults 
made no plans and 
attempted suicide 


Figure 2. Suicidal Ideation and Attempts for U.S. Adults in 2017. 
Source: National Institute of Mental Health, Data Courtesy of SAMHSA 
(2017). 


Suicidal ideation is also known as suicidal thoughts and can range from brief 
thoughts of suicide to plans on how to commit suicide. Suicide attempts occur when a 
person either takes an action that could be potentially fatal or makes a gesture that is not 
necessarily fatal, such as making shallow cuts to the skin. Suicide completion can occur in 
many different forms and is motivated by many different and often complicated reasons. 
Figure 3 shows a breakdown of the methods of suicide complete in the United States for 


people ages 18-55 in 2018. 
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2018, United States 
Suicide 
Ages 18-55, All Races, Both Sexes 
Total Deaths: 29,839 


Cause of Death Number of Deaths 
Firearm B,383 
Suffocation 10,190 
Poisoning 3,707 
Fall 796 
Other Spec., classifiable 526 
Cut/pierce 498 
Drowning 337 
Transportation— Related M4 
Fire’burn ng 
Other Spec., NEC 64 
Unspecified 55 





0 2,800 5,600 8400 14200 H,000 16,800 


Figure 3. Suicide Methods. Source: National Center for Injury 
Prevention and Control (2018). 


Studies have attempted to associate completed suicide with numerous factors, 
including age, stress, exercise, sex, alcohol, mood, sleep, chronic illness, anxiety, 
nightmares, mental disorders, including post-traumatic stress disorder (PTSD), drug 
addiction, nicotine dependence, suicidal ideation, suicide attempts, and many more. The 
annual report by the Department of Defense shows the percentage of suicides by behavioral 
health factors from 2014 to 2017 (DoDSER, 2017). As can be seen in Figure 4, sleep 
problems are not the most powerful predictor of suicide, but they are prevalent in those 


who commit suicide. 
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Figure 4. Percent of Suicide by Behavioral Health Factor, 2014— 
2017. Source: DoDSER (2017). 


This thesis looks at the risk of suicide and potential risk factors such as age, sex, 
enlistment status, exercise, nicotine dependence, alcohol use, mood, and sleep. For the sake 


of clarity, these factors are divided into four groups for discussion. 


1. Age, Sex, and Enlisted Status 


Two of the most studied demographics of suicide are age and sex. These two 
demographics can be easily collected and seem to provide some indication of the relative 
risk of suicide. Studies by the Department of Defense (DOD) show that males comprise 
97% of suicides (DODSER, 2018). They also show that young military personnel under the 
age of 30 (60%) and enlisted military personnel (90%) are at higher risk for suicide 
(DoDSER, 2018). For civilian populations, these percentages are somewhat different with 
older males being at higher risk for suicide. Figure 5 and Figure 6 shows the number of 


completed suicides for 2000 and 2016 by age and sex. 
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Deaths per 100,000 in specified group 


Deaths per 100,000 in specified group 
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Figure 5. Suicide by Age for Females. Source: National Vital 
Statistics System, Mortality (2016). 
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Age group 


Figure 6. Suicide by Age for Males. Source: NCHS, 
Mortality (2016). 
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Zz. Exercise, Nicotine Use, Alcohol Use, Caffeine Use, and Screen Time 


Other factors that are studied in connection with suicide are exercise, nicotine 
dependence, alcohol use, caffeine use, and screen time. Davidson et al. (2013) found that 
exercise reduces the risk of suicide in a sample of veterans. His findings were that 30 
minutes of exercise at least five days per week were significant (Davidson et al., 2013). 
From a study of college students in Norway, lack of exercise was found to increase the risk 
of suicide for both men and women (Grasdalsmoen et al., 2020). For this study, when 
setting suicide risk flags, only those participants who indicated they did not exercise even 
once per week were flagged as have a higher suicide risk. For nicotine, Yaworski et al. 
(2011) found that nicotine use increased the risk of suicide and that nicotine cessation 
decreased the risk of suicide. Breslau et al. (2005) found that daily smoking led to an 
increased risk of suicide behaviors. In military veterans, tobacco use disorder was also 
associated with suicide risk (Bohnert et al., 2014). Finally, a meta-analysis of smoking and 
suicide conducted by Poorolajal et al. (2015) found that smoking is a factor contributing to 
suicide. Based on these findings, for setting suicide risk flags, any nicotine use was 


considered risky. 


Chatterji et al. (2003) explored the correlation and causation between alcohol abuse 
and suicide attempt in youths. They found that, at least for females, there is evidence of a 
causal relationship between alcohol abuse and suicide. Alcohol misuse also increases the 
risk of suicide in older adults (Ribeiro et al., 2012). However, no data was collected on 
alcohol use in this study so this factor will not be explored further in relation to sleep or 
suicide. Additionally, although widely studied, drug use will also not be addressed in this 
thesis. The military has a strict zero-tolerance policy toward drug use and thus, it is 


assumed that no one using illegal drugs will be in this cohort. 


Concerning caffeine use, young adults in Korea who consumed caffeinated 
beverages more than five times per week were found to have a higher risk of suicide (Park 
et al., 2016; Cho, 2020). This amount would be approximately 215mg per day (Mayo Clinic 
Staff, 2020). However, this level was not used by this study as the Food and Drug 
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Administration (2018) sets the harmful level of caffeine consumption at 400mg per day. A 
study of caffeine levels less than 400mg was found to improve mood and performance 
(Amendola et al., 1998). Thus, for the investigation of suicide risk flags, the level for 
caffeine misuse was set to amounts greater than 400mg. Finally, for screen time, although 
no studies could be found for adults, the duration of screen time has been linked with 
increased risk of suicide in adolescents (Twenge et al., 2018). Duration of screen time was 
not collected by this study so, for the purposes of suicide risk flags, a positive answer was 
labeled as a risk. Collectively, these findings show that suicide is associated with exercise, 


nicotine use, caffeine abuse, and screen time. 


3. Mood 


Not all factors are equal in their ability to predict suicide or indicate risk of suicide. 
In a study of 100 patients who committed suicide, Hall et al. (1999) found that “severe 
anxiety, depressed mood, recent loss of close personal relationship, alcohol or substance 
abuse, feelings of hopelessness, insomnia, anhedonia, chronic illness, an inability to 
maintain a job, and recent onset of impulsive behavior” (p. 22) were most predictive of a 
suicide attempt. In addition to Hall’s findings, depressive mood is one of the most studied 
risk factors for suicide. Many authors have found a relation between depressive mood and 
suicide. Hyman et al. (2012) found that depression leads to higher risk of suicide for active 
duty military. Simon et al. (2018) found it possible to predict risk of suicide attempt or 
completion based on depressive mood questionnaires. Specific to the Profile of Mood 
States, students with suicidal ideation had significantly higher tension-anxiety and 
depression-dejection category scores compared to those who with no suicidal ideation 
(Kawabe et al., 2016). They also found significant differences for anger-hostility, fatigue- 
inertia, and confusion-bewilderment, but not for vigor-activity (Kawabe et al., 2016). 
Wilson et al. (2016) also found significant differences between anger-hostility scores for 
female suicide attempters who had mood disorder diagnosis compared to those who were 
not suicide attempters while those two groups where performing stress tests. In another 
study setting baseline scores for mood prior to treatment, future suicide attempters were 


found to have significantly higher (worse) scores (Keilp et al., 2010). For suicide risk flags, 
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the levels were set to be greater than the upper limit of the 95% confidence interval that 


Kawabe et al. (2016) found for students with suicidal ideation. 


4. Sleep 


As stated in the introduction, one of the purposes of this thesis was to explore the 
association between risk of suicide and presence of risk attributes. Table 1 shows the 
warning signs and risk factors of suicide from four health organizations. All the 
organizations that give warning signs for suicide list sleep problems as being associated 
with suicide. These findings indicate that a closer look at sleep as a potential risk factor for 


suicide is warranted. 


Table 1. | Suicide Warning Signs from Six Health 
Organizations. Adapted from Franklin et al. (2017, p. 189). 





Organization Warning Signs 
American Association of Increased substance use; no reason or purpose for living; 
Suicidology (Adults) anxiety, agitation, or sleep problems; feeling trapped; 
(AAS, 2015) hopelessness; social withdrawal; rage and anger; 
reckless or risky behaviors; dramatic mood changes 
American Association of Talking about or planning suicide; hopelessness; severe 
Suicidology (Youths) or overwhelming emotional pain/distress; worrisome 
(AAS, 2015) behaviors or marked changes in behaviors (e.g., social 
withdrawal; changes in sleep; increased agitation) 
American Foundation for Talking about suicide, having no reason to live, being a 
Suicide Prevention burden, feeling trapped, or unbearable pain; increased 
(AFSP, 2015) substance use; planning suicide; acting recklessly; 


social withdrawal; sleep problems; saying goodbye to 
people; aggression; depression; loss of interest; 
rage and irritability; anxiety; humiliation 
Centers for Disease Control Talking about hurting oneself; increased substance use; 
(CDC, 2015) changes in mood, diet, or sleeping patterns 





Because of the complexity of the human psyche and the difficulty in completely 
mapping the causes of suicide, few studies have attempted to model the risk of suicide 
solely on sleep measures. Despite the paucity of literature specific to single-factor suicide 


risk, numerous studies have shown a link between suicide and sleep as one of many 
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predictor variables. Authors who directly studied and attempted to model sleep and suicide 
include Goodwin et al. (2008), Fitzgerald et al. (2011), Kim et al. (2013 and 2015), Winsler 
et al. (2015), and Guo et al. (2017). Their investigations dealt primarily with sleep duration. 
Although the odds or hazard ratios these researchers reported were slightly different, many 
found a U-shaped association between the hours of sleep and suicide risk with the lowest 
risk for teenagers sleeping around eight hours and seven hours of sleep for adults. 
Figure 7 shows the U-shaped association between sleep duration and suicide risk as found 


by Kim et al. (2013). 





a 


Log odds 
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Sleep duration (h) 


Log odds ratio for suicidal ideation according to sleep duration 
adjusted for age, sex, education level, occupation, household income 
level, marital status, residential region, frequency of alcohol use, smoking 
status, number of days of walking per week, number of chronic disease, 
restriction on activity, perceived health status, and depressive mood. 


Figure 7. U-shaped Association between Sleep and Log Odds for 
Suicidal Ideation. Source: Kim et al. (2013). 


Chiu et al. (2018) also conducted a review of 640 studies relating sleep duration and 
suicide. Based on the 13 studies that met their retention criteria, they were able to conclude 
that there was an 11% decrease in suicidal ideation for each additional hour of sleep 
received by the participant. This decrease in suicidal ideation reached a minimum when 
the participants received 8—9 hours of sleep. Since their study focused on adolescents, this 
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finding does not disagree with the consensus that adults need around seven hours of sleep 
(Watson et al., 2015). For the sake of setting suicide risk flags for this study, sleep duration 


<6 hours were flagged as being at higher risk. 


Other measures of sleep have also been related to increased risk of suicide. As 
mentioned in subsection 3, many studies found that mood is one of the factors most highly 
correlated with suicide, but Ribeiro et al. (2012) found that sleep problems like insomnia 
were better predictors of suicidal behavior than depression or hopelessness for young adults 
in the U.S. military. Hall et al. (1999) found that 46% of patients who made serious suicide 
attempts had Global Insomnia. Lin et al. (2018) was able to show that insomnia was an 
independent indicator of suicide risk in addition to other confounding factors. Insomnia 
Severity Index scores greater than 14 were found to be associated with increased suicide 


risk (Nadorff et al., 2011; Nadorff et al., 2013). 


Bernert et al. (2015) conducted a comprehensive review of studies (n=993) relating 
suicide and sleep. The retention criteria for the studies were that they must evaluate sleep 
disturbance, examine suicide behavior, adjust for depression, and represent an original 
investigation. Of the 993 studies she and her team reviewed, the majority were excluded 
for not meeting retention criteria. However, of the 18 remaining reports, all but five showed 
a positive relationship between sleep and suicidal ideation, suicide attempts, and suicide 
completion. Many of the studies used the Pittsburgh Sleep Quality Index (PSQI) to indicate 
sleep quality and Insomnia Severity Index (ISI) to indicate insomnia (Bernert et al., 2015). 
Poor sleep quality as measured by PSQI scores > 6 were found to be different between 
adolescents who had attempted suicide and those who had not (Yildiz et al., 2020). Daytime 
sleepiness as measured by the Epworth Sleepiness Scale has been linked to increased risk 
of suicide (Yang et al., 2019). However, this finding is not consistent across studies. Yildiz 
et al. (2020) found that adolescents who had attempted suicide did not have a statistically 
significant greater probability of having ESS scores above 10. For setting suicide risk flags, 
the scores for ISI was set at > 15, ESS at > 16, and PSQI at > 11. For timing, being awake 
during the night was found to be a risk factor for suicide (Perlis et al., 2016). No studies 
were found relating time awake to suicide risk. Factors leading to suicide are not the same 
for everyone and each case should be considered individually; however, because of the 
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continual recurrence of sleep in relation to both suicide and the other factors leading to 


suicide, it is beneficial to explore the relationship between sleep and suicide. 


D. SLEEP AND RISK FACTORS FOR SUICIDE 


As stated in the previous section, sleep is not the most powerful predictor of suicide, 
but a significant proportion of suicide completers have sleep problems. In addition to the 
direct links between sleep and suicide, sleep is also related to many of the most powerful 
predictors of suicide. Asarnow et al. (2014) found that sleep and circadian disruption are 
related to mood disorders. Richardson et al. (2017) found that suicide, insomnia, and 
psychiatric disorders were interrelated in Canadian forces members. This section further 
explores the literature relating sleep to various suicide risk factors. At times it is difficult 
to follow problems to their origins but some of the following papers were used to trace 
connections. One of the issues that increases the complexity is the bidirectional relationship 
between sleep and suicide risk factors. For example, mood may be affected by sleep, and 
sleep may be affected by mood. To the maximum extent possible, the direction of the 
interaction will be stated. The direction of primary interest is how sleep affects the risk 


factors, but both will be followed. 


1. Sleep, Age, and Sex 


Although it is common practice to compare the sexes when examining sleep, sleep 
habits do not seem to differ between sexes. Bixler et al. (1984) found females exhibited 
increased sleep disturbance in the form of more awakenings, but they found no other 
significant differences between the sexes. However, they found there is an effect of age on 
sleep; for both males and females the number and duration of sleep disturbances increased 
with age. Directionally, there is no effect of sleep on either sex or age. However, studies 
have shown that sleep can affect the symptoms of aging, such as skin elasticity, memory, 


and mental performance, but these effects are outside the scope of this study. 


Zz Sleep, Exercise, Nicotine Dependence, Caffeine Use, and Screen Time 


Most studies that investigate sleep and exercise look at the impact exercise has on 


sleep, although this thesis is more interested in the effect sleep has on exercise. A meta- 
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analysis of the extant literature found that sleep loss adversely affected maximum 
performance, increased heart rate, increased the number of mistakes an athlete made in 
certain sports, and increased recovery time following exercise (Fullagar et al., 2015). 
However, they point out that more research needs to be done in these areas. Our review 
failed to identify any studies relating sleep to nicotine use. However, many studies relating 
nicotine use to sleep report that nicotine acts as a stimulant and can lead to sleep disruption. 
In one such study, Zunhammer et al. (2014) found that nicotine consumption significantly 
predicted decreases in sleep quality. Zarcone (2000) found that nicotine in small quantities 
can act as a mild sedative but as a stimulant in higher concentrations. “Caffeine typically 
prolonged sleep latency, reduced total sleep time and sleep efficiency, and worsened 
perceived sleep quality” (Clark & Landolt, 2017, p. 1). Poor sleep has also been associated 


with screen time and the converse may be true as well (Christensen et al., 2016). 


3. Sleep and Mood 


Dinges et al. (1997) found that there is an increase in total mood disturbance, an 
increase in sleepiness, and a decline in performance when restricting sleep of adolescents 
to 4—5 hours per night for a week. Additionally, daytime sleepiness as measured by the 
Epworth Sleepiness Scale has been linked to increased depression (Yang et al., 2019; 


Chellappa & Araujo, 2006). 


E. SUMMARY 


In summary, sleep is essential for sustaining physical and mental health and 
maintaining performance at a high level. Numerous studies have shown connections 
between sleep loss and risk of suicide. Risks associated with sleep loss include numerous 
mental and physical health issues. Any of these issues could potentially lead a person to 
consider committing suicide. Many studies also agree that receiving between 7 to 9 hours 
of sleep is crucial to good mental and physical health. Other studies have highlighted the 
importance of good sleep quality and proper timing of sleep opportunities. While this study 
has yet to determine whether a sleep debt exists on the USS Ashland, ensuring sailors 


receive sufficient sleep is vital. 
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Hi. METHOD AND EXPERIMENTAL DESIGN 


A. STUDY DESIGN 


The study is a longitudinal and cross-sectional design consisting of three parts: a 
pre-study survey, an active data collection period, and a post-study survey. The pre-study 
survey collected cross-sectional information on watchstanding schedules, perceptions of 
sleep and workloads, as well as various sleeping conditions. The cross-sectional post-study 
survey collected the demographics of the participants, and sleep quality information. The 
longitudinal, active data collection period consisted of recording physical motion or 
activity counts via Philips Actiwatches validated and supported by a paper activity log 


(manually entered), and mood information. 


B. PARTICIPANTS 


Participants were volunteers from the USS Ashland (LSD-48), a dock landing ship. 
Initially, 173 crewmembers volunteered to participate in this study during the last 16 days 
for the 19-2 Underway Patrol. Crewmembers experienced lower operational tempo during 
the first 13 days and a higher operational tempo over the last three days of the data 
collection period. The study protocol was approved by the Naval Postgraduate School 
Institutional Review Board (IRB). 


C. EQUIPMENT/APPARATUS 


This study made use of several standardized questionnaires to record participant’ s 
sleep habits and Phillips Spectrum actiwatches to record activity levels throughout the 
study period. The Actiware data logs were validated by an activity log with manual entries 
maintained by the participants. The questionnaires used were the Epworth Sleepiness Scale 
(ESS), Insomnia Severity Index (ISD, Pittsburgh Sleep Quality Index (PSQD), and Profile 
of Mood States (POMS) in addition to a pre-study and post-study survey designed to 


capture demographic information of the participants. 
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1. Epworth Sleepiness Scale 


The Epworth Sleepiness Scale (ESS) is used to assess general daytime sleepiness 
in adults (Johns, 1991). The ESS is a survey consisting of eight questions that asks 
participants to rate the likelihood they would fall asleep while in different situations that 
are commonly experienced throughout the day. The sum of the individual scores are used 
to calculate the participants daytime sleepiness. ESS scores above 10 are indicative of 
excessive daytime sleepiness (Johns, 1991). It has been shown that excessive daytime 


sleepiness can be an accurate measure of sleep latency (Johns, 1992). 


2. Pittsburgh Sleep Quality Index 


The Pittsburgh Sleep Quality Index (PSQJ) was used to assess sleep quality (Buysse 
et al., 1989). Since sleep problems can represent, not just as short duration sleep but also 
as poor-quality sleep, the PSQI was developed by a team of researchers at the University 
of Pittsburgh to measure the participant’s quality of sleep. The survey consists of nineteen 
questions that form seven components, which in turn sum to give a global sleep quality 


score. Global PSQI scores greater than five indicate poor sleepers (Buysse et al., 1989). 


3. Insomnia Severity Index 


Insomnia is defined as trouble falling asleep or staying asleep even if given the 
opportunity to do so (Institute of Medicine, 2006). We use the ISI to help identify the 
existence of insomnia. The ISI is a seven-question survey that asks participants to indicate 
if they have difficulty falling asleep, staying asleep, or waking up too early in the morning. 
It then asks how the participants feel about the sleep they are getting and if they have a 
sleep problem. The individual scores are then summed together. Although not used for 
clinical diagnosis, scores above 14 are indicative of moderate to severe insomnia (Morin, 
2011). Specifically, scores ranging from O-7 are classified as having no indication of 
insomnia, 8—14 as subthreshold insomnia, 15—21 as moderately severe insomnia, and 22— 


28 as severe insomnia. 
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4. Actigraphy Data 


Each of the questionnaires used in this study have been shown to be individually 
reliable and valid in demonstrating participants sleep habits and problems, but in order to 
increase the insights into the participants, the researchers also collected work and rest 
activity patterns throughout the eleven-day duration of the study. Each participant who 
volunteered for the study was given the option of wearing a Philips Actiwatch, which 
recorded activity and light levels. The data collected from the watches were input into the 
Respironics Actiware software and activity levels were used to approximate the rest and 
sleep periods of the participants wearing the watches. These rest and sleep periods were 
compared against a daily activity log maintained by the participant in fifteen-minute 
increments throughout the study period. This comparison was done to prevent the 
algorithm from indicating a participant was asleep during period of inactivity such as 
training or personal time. A graph of the data collected was output as an Actogram, 


example shown in Figure 8. 
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In the Actogram, each horizontal block represents a 24-hour period. Dark blue 
sections are those excluded from analysis due to participants removing the watch or 
unexplained discrepancies between the activity log and the algorithm. Black lines indicate 
physical activity, are underscored with a red line, and indicate that the participant is awake. 
The light blue color represents the rest period, or sleep opportunities. The periods of the 
light blue region that are underscored in red are credited as rest, not sleep. Sleep is shown 
as a light blue region without red underscoring. Martin and Hakim (2011) have a good 
review of the extant studies validating actigraphy data as a means of imputing sleep and 


activity periods. 


5. Activity Logs 


All participants were also asked to complete a daily activity log, documenting their 
daily routine in accordance with Naval Standard Work Week (NSWW) categories. The 
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logs covered 24-hour periods in 15-minute intervals and were used to provide another 
means of verifying the recorded data. Activity logs were uploaded and cleaned using 
Microsoft Excel. The diary was broken into 15-minute segments, which allowed the 
applicants to record activities throughout the day such as maintenance, watch, sleep, 


personal time, eating, training, and working out. 


6. Profile of Mood States 


Profile of Mood States (POMS) questionnaires were used to gauge the participant’ s 
sleep quality (McNair, Droppleman, & Lorr, 1971). It was been widely used to judge 
subject’s mood response to many different situations (Nyenhuis et al., 1999). The POMS 
consist of 65 short response questions and is used to measure the participant’s tension or 
anxiety, depression or dejection, anger or hostility, vigor or activity, fatigue or inertia, and 
confusion or bewilderment. These six sub-categories sum to give an overall score 
transformed to range from 30 to 80. The six sub-categories can be used to identify 
individual mood states or can be summed to compare group means against other 
populations (Nyenhuis et al., 1999). Figure 9 shows a typical profile of mood states for an 
elite athlete from Morgan (1980). It is interesting to note that in this profile, the runner’s 
total mood disturbance scores are significantly lower (i.e., better) than those of the average 
adult. Given what is known about beta endorphins that are released during periods of 
significant exercise, it is not surprising to see that exercise may contribute to improved 


mood. 
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Figure 9. Example Profile of Mood States for an Elite Athlete. 
Source: Morgan (1980). 


The subscale used adult norms with > 50th percentile is: TMD =17, Tension- 
Anxiety > 8, Depression-Dejection > 8, Anger-Hostility > 8, Vigor-Activity < 19, Fatigue- 
Inertia > 8, and Confusion-Bewilderment > 6. In all categories except vigor, a higher score 
is worse. For vigor, a higher score is better. The individual scores from each questionnaire 
were recorded and a t-test was conducted against the 50th percentile adult norms for 
comparison. TMD score is normalized to have a mean of 50 and standard deviation of 10. 
TFRD is the transformed TMD scores, n is the TMD score, m is the mean, and s is the 


standard deviation of the TMD scores. 
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TFRD = ee 


D. PROCEDURES 


The research team arrived on the USS Ashland (LSD-48) on 5 August 2019. The 
sailors participating in the study were given an in-brief explaining the study, were issued 
actiwatches, and completed the pre-study survey and POMS. Over the next 11 days the 
participants voluntarily recorded their activity in an activity diary which broke down each 
24-hour period into 15-minute segments. On 16 Aug 2019, the participants returned their 
watches and completed the post-study questionnaires, POMS, ESS, ISI, and PSQI. 
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E. DATA PREPARATION 


The actigraph data were uploaded into the Respironics Actiware software and all 
the questionnaire information was entered into Microsoft Excel. Actigraphy information 
was validated against the activity dairy and precedence was given to the diary over the 
inherent algorithm in the Respironics Software. For example, if the participant indicated 
that a block of time was personal time and the algorithm, due to lack of physical activity, 
indicated sleep, the sleep section was manually overwritten as awake time. Those 
participants who had less than five days’ worth of data were excluded from the calculations 
for sleep duration, quality, and timing. The duration of daily sleep was calculated for 24- 
hour periods set to maximize the individual’s usable periods. For example, if an individual 
had an excluded period ending at 0800, their 24-hour period would begin at 0800 instead 
of 0000. Additionally, while calculating timing, if an excluded period existed that would 
have affected the periodicity of the start of the sleep episodes, those data points were 
deleted. After cleaning, there were 135 remaining participants whose data could be used to 


calculate sleep duration and timing. 


For the POMS, if a participant left a single question blank, the missing value was 
replaced with the group average, rounded up to the nearest whole number, for that item. If 
they were missing more than two items that participant was excluded from analysis. On 
the pre-study, one participant was missing more than one item, leaving 172 individuals for 
POMS analysis. On the post-study, four participants were missing one item and seven 
participants were missing more than one, leaving 166 participants for analysis. Applicants 
missing data in the ESS and ISI were excluded from the study. Nine participants were 
missing ESS values and seven were missing ISI values leaving 164 and 166 individuals 
remaining for analysis, respectively. For the PSQI, the missing information was filled in 
by manually computing from the handwritten answers. If a range of values was given, the 
median value was used. Five answers were filled in using this method. If there were too 
many missing blocks to calculate a score, those participants were excluded from analysis; 


ten applicants were excluded from analysis due to missing answers. 


While cleaning the department data, the following simplifications were used: 


participants on boat crews were grouped together with deck department, medical and dental 
27 


were combined under medical, the chaplain was included in the medical group, and the 
executive officers were grouped with the navigation department. For rank, participants 
were grouped together as follows: El though E3, E4 and E5, E6 through CW02, O2 and 
O3, the Ols were grouped with the single 04 and O5. The Ols were grouped with the O4 
and O5 due to the similarity in their watch standing. Although the O4 and O5 stand no 
official watch, they are often on the watch during nighttime operations due to the overall 
responsibility for the ship and crew. When fitting models, ranks were binned as E6 and 
below or E7 and above to maximize the degrees of freedom due to the small number of 


participants in certain groups. 


For watch schedule, the responses were grouped into four categories: none/on call, 
daywatch, nightwatch, and varying. Those participants standing no watch, those on call but 
allowed to sleep, and those with blank responses were grouped together under none/on call. 
Those individuals who stood watch between 0600 and 2200 were grouped together as 
daywatch while those who stood watch between 2200 and 0600 were classified as 
nightwatch. Watchstanders whose watch began or ended more than an hour into the 
nighttime were classified as nightwatch. For example, a watchstander whose watch ran 
from 1800-0000 or 0400-0800 would be classified as nightwatch. Those participants who 
put more than one response or who stood watches that rotated were placed in the varying 
category. For years of active duty service, numbers were rounded down to the nearest 
whole number except in the case of those serving less than a year in which case they were 


rounded to one year. 


For caffeine use, the survey asked the participants how many of each type of 
caffeinated beverages was consumed daily. If the participants gave a range of values for 
each type of caffeinated beverage, the median value was used. The amount of daily caffeine 
intake was calculated as shown in the equation below. The values are approximated from 


average amounts given by the Mayo Clinic Staff (2020). 
Caf feine Intake = Tea * 47mg + Cof fee * 96mg + Soda * 22mg + Energy Drink * 215mg 


Other caffeinated drinks such as pre-workout were left out of the calculation since the 


amount of caffeine contained in each is unknown. For the exercise questions, if the 
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participant left the section blank, they were categorized as not exercising. For the nicotine 
use questions, if left blank the participant was categorized as not using nicotine. Due to the 
difficulty interpreting answers on the use of electronics, the participants were simply 


grouped into those who used electronics before sleep and those who did not. 


For the daily activity logs, an individual’s actions recorded during the 15 minutes 
time segments were summed up, divided by 4 to get the total hours the activity was 
performed, then further divided by the number of days recorded to get the daily values. The 
daily values for individuals was then multiplied by 7 to get the weekly averages for 


comparison against the categories spelled out in Appendix D of OPNAVINST 1000.16L. 


F. ANALYTICAL APPROACH 


First, we described our participants in terms of their demographic characteristics 
and their perceptions of the sailors who participated in the study. The demographics of 
interest were, sex, department, rank, and watchstanding status. The perceptions 
investigated the sailors’ opinions on amount of sleep and workload. Results are presented 
as mean and standard deviation (M, SD) or median and interquartile range (Mdn, IQR) as 
warranted by the distribution. Statistical significance level was set at a < 0.05. Normality 
for the distributions was checked visually with the normal quantile plot as well as by 
checking the skewness and kurtosis. If the magnitude of the skewness was greater than 0.5 
and the magnitude of the kurtosis was greater than 3, the assumption of normality was not 
made. Unequal variance was tested using the Levene’s test. In cases where the Levene’s 
test showed statistical significance, comparisons between group means were made using 
Welch’s ANOVA. Otherwise, comparisons between groups were made using non- 
parametric Wilcoxon Rank Sum or Kruskal-Wallis test. Post hoc analysis was conducted 
using Tukey-Kramer’s HSD test or the Games-Howell test. All analysis was done in R 


version 4.0.0, Microsoft Excel, or JMP Pro 15.0.0. 


To answer the first question on this thesis, “Does a sleep debt exist among sailors 
on the USS Ashland?,” the data were collected and prepared as described in Sections D 
and E. The distribution of sleep duration was explored and then modeled against various 


factors of interest including sex, department, and rank. The frequency of the sleep episodes 
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and PSQI was used to determine the sleep quality. Start time of sleep was extracted from 


the actiware data directly and the distribution was plotted to determine timing. 


To answer the second thesis question, “Is there a significant difference between the 
amount of sleep USS Ashland’s sailors are getting compared to members of other 
platforms?,” a meta-analysis was conducted. The raw mean was used to calculate the effect 
size and the DerSimonian-Laird method was used to fit the random-effects model 
(DerSimonian & Laird, 1986; DerSimonian & Kacker, 2007). The mean hours of sleep 
received by sailors on other platforms had been collected and reported by various 
researchers over the course of the last 18 years. Forty-seven studies were gathered and 
cleaned with eight studies being eliminated due to being based on self-reported data and 
one extreme outlier was eliminated due to being collected in rough weather conditions 
where the majority of the crew may have been disabled due to motion sickness. For the 
single study that was missing standard deviation, the group average standard deviation was 


inserted to fill the missing value. 


To investigate the interaction between sleep, mood, and behavior bivariate analysis 
was conducted between sleep and all the factors of interest. Then a generalized linear model 
was fit to predict total mood disorder, and a nominal logistic model was fit to predict 
nicotine use, exercise, caffeine use, and use of electronics prior to sleep. Factors in the 
models were trimmed by p-value, maximizing R*, and minimizing Akaike information 


criterion (AIC) (Akaike, 1974). 


Lastly, to investigate the interaction between sleep and suicide risk several studies 
were reviewed as described in Chapter II. The purpose of the literature review was to 
identify factors related to risk of suicide and the corresponding criteria for these risk 
factors. The risk factors were categorized into two groups. The first group included fators 
which were associated with the risk of suicide at the statistically significant level in two or 
more studies. The second groups included factors associated with the risk of suicide at the 
statistically significant level in just one study. Next, the criterion was set. For sex, the risk 
flag was set to male, because the majority of suicide completers are male (DODSER, 2017; 
DoDSER, 2018). For age, the risk flag was set at >34 since, for active duty military the 


majority of suicide completer are young (DoDSER, 2017; DoDSER, 2018). For PSQI, ISI, 
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and ESS the values be set to be above the cut offs indicating poor sleeper, clinical insomnia, 
and excessive daytime sleepiness, respectively. For sleep duration, values less than 6 hours 
were flagged. Flags for caffeine misuse was set at greater than 400mg per day, nicotine use 
at daily, exercise at no exercise, and as the one exception to conservative levels, screen 
time use was set to “any.” Suicide risk flags for mood to be at least as conservative as those 
found by the literature review. For example, Kawabe et al. (2016) found median 
depression-dejection scores for students who had suicidal ideation to be significantly 
higher than for those students who did not. The median score for the students with suicide 
ideation was 7 (/QR = 6) with those without was 2 QR = 5). For the groups experiencing 
suicidal ideation the upper limit of the 95% CI was 8.61 so the depression-dejection score 
given a risk flag was set to be >9. Tension-anxiety was set to >10, anger-hostility >11, 
fatigue-inertia >14, confusion-bewilderment >12, and vigor-activity >3. The risk factors 
and criterion thus set were compared against the USS Ashland’s population to see how 
many suicide risk flags were present in the study participants. When summing the risk 
flags, if information on a suicide risk factor was missing for a participant, it was assumed 


they did not have that risk factor and no value was added to the total. 
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IV. RESULTS 


A. DEMOGRAPHICS 


There were 173 participants who volunteered to take part in the study. All 
departments provided some volunteers with Engineering and Operations having the two 
highest participation rates among the departments. The largest group of participants 
containing a single paygrade were E-4s. There were more males than females participating 


in the study. Table 2 shows the selected demographics of interest. 


Table 2. Demographics of Study Participants 








Details Count (%) 
Sex 

-Male 133 (77) 
-Female 40 (23) 
Department 

-Deck 27 (16) 
-Engineering 41 (24) 
-Medical 16 (9) 
-Navigation 4 (2) 
-Operation 29 (17) 
-Personnel and Training 24 (14) 
-Supply 32 (19) 
Rank 

-El and E2 21 (12) 
-E3 25 (15) 
-E4 35 (20) 
-E5 28 (16) 
-E6 23 (13) 
-E7 to CWO2 15 (9) 
-O1 7(4) 
-O2 8 (5) 
-03 9 (5) 
-04 and O5 2 (1) 





In addition, the years of service on active duty ranged from 28 years down to less 
than 1 year (Mdn = 3 years, IQR=7). The age of the participants ranged from 19 to 49 years 
(Mdn = 24 years, IQR=10). For behavior, 56 participants (32% ) reported using nicotine 
products (cigarettes, e-cig, chewing tobacco) at least once a day, 54 participants (31%) 


2) 


reported that they exercised less than once weekly, 151 participants (87%) reported 
consuming at least one caffeinated beverage (coffee, tea, energy drink) daily , and 147 
participants (85%) reported using electronic devices prior to sleep. Also, 115 participants 
(67%) indicated that they stood watch with 70 (41%) indicating that they stood varying 


watch times or nighttime watches. 


B. PERCEPTIONS 


Study participants were asked about their perceptions of the amount of sleep they 
were receiving, the amount of sleep others were receiving, and the amount of work they 
and others were doing compared to their normal amount of sleep or work. Figure 10 shows 
the distribution of responses gauging the perceptions of the amount of sleep received by 
self and others. Figure 11 shows the distribution of the responses gauging the perceptions 
of the amount of work done by the participants or others. Concerning the perceptions of 
self, many sailors felt the amount of sleep they were receiving was about right and the 
amount of work was about normal. It is interesting that sailors seemed more likely to 
perceive they were receiving the amount of sleep they need but were more likely to 
perceive that others were receiving less sleep than they needed. Finally, Table 3 


summarizes the results. 
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Figure 10. Perceived Amount of Sleep Received by Self and Others 
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Figure 11. Perceived Workload Performed by Self and Others 


Table 3. Perceptions of Study Participants 








Details Count (%) 
Perceived Sleep, Self 

-Much less than I need 14 (8) 
-Less than I need 58 (35) 
-About right 81 (49) 
-More than I needed 10 (6) 
-Much more than I needed 2 (1) 
Perceived Sleep, Others 

-Much less than they need 11 (6) 
-Less than they need 93 (56) 
-About right 54 (32) 
-More than they needed 5 (3) 
-Much more than they needed 1 (1) 
Perceived Work, Self 

-Much less than usual 9 (5) 
-Less than usual 29 (17) 
-About usual 79 (48) 
-More than usual 35 (21) 
-Much more than usual 13 (8) 
Perceived Work, Others 

-Much less than usual 8 (5) 
-Less than usual 25 (15) 
-About usual 92 (56) 
-More than usual 39 (24) 
-Much more than usual 1 (1) 
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C. SLEEP 


In this section we discuss three aspects of sleep, duration, timing, and quality. Sleep 
duration is the number of hours the sailors sleep in a 24-hour period. The timing of sleep 
is measured by determining how long the sailors are awake between sleep episodes and by 
finding out what time they go to sleep. Finally, the quality of sleep is assessed by PSQI 


scores and will be covered in section D. 


1. Duration 


Based on information collected using the actiwatches, the study participants slept, 
on average 6.33 hours per day (SD = 1.14). Figure 12 shows the distribution of average 
sleep recorded during the study. The y-axis is the count of participants in each category 
and the x-axis is the average sleep duration in hours per day. Of the 135 participants who 


recorded usable sleep data, 100 (74%) averaged less than seven hours of sleep per day. 
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Figure 12. Sleep Duration in Hours per Day 


Daily sleep duration did not differ between males and females (Wilcoxon rank rums 
test, y7(1) = 0.80, p = .372). However, daily sleep duration was different among rank groups 
(Kruskal-Wallis rank sums test, y7(4) = 12.51, p = .014). Post hoc comparisons using 
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Tukey-Kramer’s HSD test indicated that the mean sleep duration for the group Ol, O04, 
and O5 (M = 5.39, SD = 0.78) was significantly different than personnel in the O2-O3 
group (M= 7.01, SD = 0.92, p = .008), but not the E6-CW02 group (M = 6.27, SD = 1.07, 
p =.227), the E4-E5 group (M = 6.44, SD = 1.2, p = .075 ), or the E1-E3 group (M = 6.22, 
SD = 1.14, p = .268). The median sleep duration, quantile, and range for the rank groups 


are shown in Figure 13. 





Average Sleep Duration (in a 24 hour period) 
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Figure 13. Daily Sleep Duration by Rank Group 


For comparing sleep duration by watch schedules, differences in daily sleep duration were 
statistically significantly between watch schedules (Kruskal-Wallis rank sums test, (3) = 
9.43, p = .024). Figure 14 shows median daily sleep duration, quantile, and range for each 


watch schedule group. 
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Figure 14. Daily Sleep Duration by Watch Schedule 


Post hoc comparison using Tukey-Kramer’s HSD shows that watchstanders who stand no 
watch or are on call were significantly different from those standing night watch (p = .041) 
and those whose watch times vary (p = .020) but is not significantly different than those 
who stand daywatch (p = .414). Those watchstanders who stand night watch or whose 
watch schedule varies received less daily sleep on average than other sailors. Table 4 shows 


the mean and standard deviation of sleep duration by watch schedule. 


Table 4. Daily Sleep Duration by Watch Schedule 





Group (N, %) M (SD) 





None/On Call (37, 28%) 6.8 (1.2) 
Daywatch (34, 26%) 6.4 (1.0) 
Nightwatch (30, 23%) 6.1 (1.2) 


Varying Times (32, 24%) 6.0 (1.1) 





38 


For the differences in daily sleep duration between departments, indicated unequal 
variances (Levene’s test, F = 3.02, p = .009) so Welch’s test was used. There were 
significant differences between daily sleep duration by departments (Welch’s test, F(6, 
19.04) = 3.71, p = .013). Post hoc analysis showed that the only significant difference 
between daily sleep duration by departments was between supply and engineering 
department (Games-Howell, (58.39) = 4.45, p = .001). The median sleep duration for 
supply was Mdn = 6.8 (JQR = 1.2) while the median sleep for engineering was Mdn = 5.9 
(QR = 1.78). 


2 Time Awake 


The actiwatch information was used to calculate the amount of time the participants 
spent awake. Lengths of wakefulness between 17 to 19 hours are equivalent to a blood 
alcohol content (BAC) of .05% and longer periods are even higher (Williamson & Feyer, 
2000). Of the 1281 wake times recorded and retained by the study after cleaning, 405 were 
longer than 17 hours (32%). The median time awake for participants in this study was 15 
hours UQR = 7). Figure 15 shows the distribution of time the participants spend awake. 
The y-axis displays the number of awake episodes measured over the course of the study 
and the x-axis shows the time awake in hours. This plot shows that many participants go 
long periods of time without sleep. There were no statistically significant differences in 
average time awake between the groups with regards to sex (Wilcoxon rank sum test, p = 
.279), rank, department, or watchstander status (Kruskal-Wallis test, p = .313, p = .219, p 
= .855). 
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Figure 15. Time Awake 


The timing of the sleep was also calculated from the actigraphy data to see if the 
participant’s sleep patterns followed a circadian rhythm. Figure 16 shows the scatterplot of 
the start times of the sleep episodes versus sleep episode duration. This plot shows a cluster 
of sleep episodes starting around 8:00 PM and running to around 2:00 AM. A second, 


smaller cluster is centered around 12:00 PM. 
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Figure 16. Sleep Episode Start Time vs. Duration of Sleep Episode 


D.  PSQI 


Sleep quality assessed with the PSQI questionnaire is used to explore associations 
between mood and behavior based on sleep characteristics. PSQI Scores ranged from 0 to 
18 with a median score of 8 QR = 4). If the sailor’s PSQI score was higher than five their 
sleep quality was classified as poor. There were 126 participants (77%) with scores above 
five who were classified as poor sleepers. Figure 17 shows the distribution of PSQI scores. 
There were no statistically significant differences in PSQI scores between groups separated 
by sex (Wilcoxon rank sum test, p = .166), rank, department, or watch schedule (Kruskal- 
Wallis test, p = .350, p = .999, p = .129). 
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Figure 17. PSQI Scores 
E. POMS 


At the beginning of the study, the participants were issued a POMS questionnaire 
to gauge their mood. The results showed that Ashland sailors’ scores were significantly 
higher than the adult norms in all categories except vigor, with the vigor category being 
significantly lower. Table 5 shows the median score, percentage of sailors compared to the 
50th percentile, and the p-value associated with each score category for the pre-study 
survey. Recall that high vigor scores are “good,” so this category was compared to < 50% 
percentile of adult norms, the opposite of the other categories. Figure 18 shows the 
percentage of sailors whose scores were greater (or less than for vigor) than the 50th 


percentile compared to the adult norms for the pre-study survey. 
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Table 5. Pre-study POMS Scores 








POMS Scale Scale Score % of Sailors > the 50th p-value * 
(n=173) Median, IQR) _ percentile of adult norms* 

Total Mood Disorder 38 (54) 75.1 < .001 
Tension-Anxiety 10 (8) 70.5 < .001 
Depression 9 (16) 55.5 < .001 
Anger-Hostility 13 (17) 71.7 < .001 
Vigor-Activity 15 (7) 29.5 < .001** 
Fatigue 12 (10) 72.8 < .001 
Confusion-Bewilderment _ 8 (7) 73.4 < .001 





* Of mean compared to the 50th percentile of adult norms using Wilcoxon Signed Rank Test 
** Compared to < the 50" percentile for Vigor-Activity. 
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Figure 18. Pre-study POMS Scores 


At the end of the study, participants completed another POMS questionnaire. 
Although the scores were better than those from the first questionnaire, tension, anger, 
fatigue, confusion, and total mood disorder were still significantly higher than the adult 
norms at the a = .05 level. Vigor was still significantly lower while depression was no 
longer significantly different from adult norms. Table 6 shows the median score, 
percentage of sailors greater than or equal to the 50th percentile, and the p-value associated 
with each score category for the pre-study survey. Figure 19 shows the percentage of sailors 


whose scores were greater than the 50th percentile compared to the adult norms for the 
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post-study survey. While most scores improved from the pre-study survey, the percentage 
of sailors above the 50th percentile in the vigor category is lower. Because the scores on 
the post-study POMS may have been highly influenced by an upcoming homeport visit, 


the remaining analysis are conducted using only the pre-study POMS. 


Table 6. Post-study POMS Scores 





POMS Scale Scale Score % of Sailors > the 50th p-value * 
(n=172) Median (IQR) percentile of adult norms* 

Total Mood Disorder 27.5 (46) 64.5 < .001 
Tension-Anxiety 8 (7) 54.1 .009 
Depression 5 (12) 38.4 .210 
Anger-Hostility 10 (13) 57.6 < .001 
Vigor-Activity 13 Q) 18.6 < .001** 
Fatigue 9.5 (11) 59.9 < .001 
Confusion-Bewilderment _ 6 (5.75) 58.7 < .001 





* Of mean compared to the 50th percentile of adult norms using Wilcoxon Signed Rank Test 


*** Compared to < the 50" percentile for Vigor-Activity. 
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Figure 19. Post-study POMS Scores 


Comparisons were made between pre-study POMS TMD scores and all other 
demographic factors of interest. The following findings are noteworthy coming from these 
comparisons. There were significant differences between ranks (Kruskal-Wallis tests, y7(4) 


= 20.86, p < .001), department (y7(7) = 16.5, p = .011), and watch status (y7(4) = 12.23, p 
44 


= .007). The E1-E3 group (Mdn = 55, IOR = 44, Tukey-Kramer HSD, p = .002) was more 
likely to have elevated (worse) TMD scores compared to the E6-CWO2 group (Mdn = 
18.5, JOR = 43). For the department comparison, Navigation (Mdn = 57, IQR = 22) had the 
highest (worst) scores while medical (Mdn = 21, IQR =41) had the lowest (best) scores, 
but these differences were not statistically significant (Tukey-Kramer HSD, p = .779). For 
watch schedule comparison, only those who stood nightwatch (Mdn = 50, IQR = 49, Tukey- 
Kramer HSD, p = .007) and no watch, or on call (Mdn = 26, IQR = 37.75) were statistically 


different. Figure 20 and 21 compares median TMD scores by rank and watch status groups. 
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Figure 20. POMS TMD Scores by Rank Group 
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Figure 21. POMS TMD Scores by Watch Schedule 


F. ISI 


Recall from Chapter IJ that scores ranging from 0 to 7 are classified as having no 
indication of insomnia, 8 to 14 as subthreshold insomnia, 15 to 21 as moderately severe 
insomnia, and 22 to 28 as severe insomnia. Scores for this study ranged from 0 to 27 (Mdn 
= 10, JOR = 8.25) with 35 participants (21%) reporting elevated severity of insomnia 


symptoms. Figure 22 shows the distribution of ISI scores. 
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Figure 22. ISI Scores 


There was a Statistically significant difference between ISI for the two sexes 
(Wilcoxon rank sum test, 7? (1) = 6.61, p = .010). Females (Mdn = 8, IOR = 6) tended to 
have lower ISI scores than males (Mdn = 10, JOR = 7). Figure 23 shows the results of the 
comparison of ISI score by sex. ISI Scores were also significantly different between rank 
(Kruskal-Wallis tests, y? (4) = 12.94, p = .012). The E1-E3 group (Mdn = 11, IOR = 5.5, p 
= .021) and E6-CWO2 group (Mdn = 10, JOR = 9.25, p = .026) tended to have the higher 
scores when compared to the lowest scorers, the O2-O3 group (Mdn = 5, IQR = 6.75). 
There were no statistically significant differences in ISI scores between departments or 


watch schedules. 
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Figure 23. ISI Scores by Sex 


G. ESS 
For the ESS, scores above 10 may indicate excessive daytime sleepiness; 53 
participants (32%) had scores above 10. Scores ranged from 0 to 22 (Mdn = 9, IOR = 6). 


Figure 24 shows the distribution of ESS scores. 
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Figure 24. ESS Scores 


The were no statistical differences in ESS Scores between sexes, departments, or 
watch schedules (p = .780, p = .582, p = .695). The ESS scores by rank were statistically 
significant (Kruskal-Wallis test, x? (4) = 14.97, p = .005). Only differences between the 
E1-E3 and O2-O3 groups were statistically significant (Tukey-Kramer HSD, p = .009). 
The E1-E3 group tended to have the highest ESS scores (Mdn = 10.5, JOR = 5) while the 
O2-O03 group had the lowest scores (Mdn = 7, IQR = 5.5). Figure 25 shows the comparison 
of ESS scores by rank. 
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Figure 25. ESS Score by Rank Group 


H. DAILY ACTIVITIES 


Participants were asked to log their activities throughout the day in 15-minute 
increments. They were asked to record the amount of time spent sleeping, messing, 
personal time, standing watch, doing maintenance, training, and attending meeting. These 
activities aggregated over the course of a week for individual participants were compared 
to the provisions of the Navy Availability Factor (NAF). Per week on average, participants 
spent fewer hours on watch than allotted in the NAF, spent less time training, and spent 
more time performing maintenance. The difference between time spent in service division 
was not significantly different than the allotted amount. Table 7 shows the summary of 


each of the categories compared to those allocated by OPNAVINST 1000.16L. 
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Table 7. Time Spent by Category 








Category (Time Allotted) Mdn (IQR) p-value* 

Watch (56 hours) 16.25 (46.15) <.001 (Prob < t) 
Training (8 hours) 0 (3.57) <.001 (Prob < t) 
Work (11 hours) 33.26 (33.06) <.001 (Prob > t) 
Service Division (6 hours) 3.88 (8.44) .944 (Prob > t) 


* Of mean compared to the allocated times using Wilcoxon Signed Rank Test 





Figure 26 shows the percentage of participants who spend more (or less) time in an 
activity. The blue bars are the percentage of participants who spend less time in an activity 


the allotted and the orange bar are those who spend more time. 
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Figure 26. Sailors’ Activity Categories during Work Week 


Although the NAF no longer makes recommendations on the amount of time 
allotted to sleep by afloat platforms, there is a recommended amount of non-available time. 
Non-available time was set at 87 hours per week, or roughly 12 hours per day. The log data 
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shows that many participants received more than 87 hours of free time per week. Since the 
data collected by the actiwatches shows that the participants were not receiving the 
recommended amount of sleep, this raises the question of what the sailors were doing 
instead of sleeping. The non-available activities that were recorded were sleep, messing, 
and personal time. Figure 27 shows the distribution of reported daily sleep duration in hours 
(M = 7 hours, SD = 1.51). The amount of personal time ranged from none to 12 hours per 
day (M = 3.89 hours, SD = 2.43), while the average time spending eating was 1.8 hours per 
day (SD = 0.98). 
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Figure 27. Reported Daily Sleep Duration 


I. SLEEP COMPARISONS 


The second purpose of this thesis was to compare the amphibious ship’s population 
to other populations across the Navy to determine if there is a significant disparity between 
the duration of sleep amphibious sailors are getting compared to sailors in other 
communities. To answer this question a comparison was made to other NPS studies using 
the USS Ashland as the control group. All studies were compared to the USS Ashland’s 
mean and standard deviation of sleep duration to determine if a significant difference exists 


between the different platforms. The Standardized Mean Difference (SMD) was 0.007 (p 
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= .931) indicating the difference between the groups and the Ashland was not statistically 
significant. Using all the studies showed that the USS Ashland ranked 19th of the 38 
studies, or right in the middle of the amount of sleep received. The studies were then 
trimmed to include only deployed ships to see where the USS Ashland’s sailors ranked in 
the amount of sleep. Of the 27 seagoing studies, the Ashland ranked 14" in the amount of 
sleep received. Figure 28 shows the comparison of each platform’s group average sleep 
duration and standard deviation. The color indicates the delta from the recommended 
amount of sleep and the relative size of the circles indicates the number of participants in 
each study. The minimum recommended amount of sleep for adults and young adults are 
marked by the green vertical reference lines at 7 and 9 hours, respectively. Many studies 
show a shortfall in the amount of sleep received, and the USS Ashland (LSD-48) is in the 


center of the rankings by average sleep duration. 
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Figure 28. Average Daily Sleep Duration for 38 Studies 


Finally, a meta-analysis of proportions compared the means for all 38 studies. The 
result was statistically significant (two-tailed, z = 39.13, p < .001), and the group mean 
showed shorter sleep duration than recommended (M = 6.35, SD = 0.16). The upper limit 
of the 95% confidence interval (6.02, 6.66) was below recommended sleep minimum for 


adults of 7 hours. 
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J. SLEEP, MOOD, AND BEHAVIOR 


The third issue investigated in this thesis was the association between sleep, mood, 


and behavior. 


if Sleep and Mood 


The general linear model investigates how sleep affects mood. TFRD score is used 
as the response variable. Sleep duration, PSQI score, and time awake were used as 
explanatory variables. Sex, rank, and watchstander class were included in the general linear 
model as confounding variables. Once the full model was created, the factors were trimmed 
out by statistical significance until the most parsimonious model with best results on the 
validation set was found. As the model was trimmed sleep quality remained statistically 
significant throughout. The factors that formed the final model were PSQI score (denoting 
sleep quality) and watchstander status. Table 8 shows the model results, factor’s 


coefficient, and p-values. This model shows that sleep quality is associated with mood. 


Table 8. Sleep and Mood 








Model Factors B HacOr Lower 95% Upper 95% 
Response p-value 
Total Mood Intercept 41.69 <.001 37.85 45.5 
Disorder, PSQI 0.69 .004 0.25 1.13 
Transformed Watchstander 3. 4, 006 0.45 6.21 


Class [Yes-No] 





Zz Sleep and Behavior 


Models were also created attempting to predict behaviors such as whether a 
participant exercises, uses nicotine, views electronics prior to sleep, or how much caffeine 
they drink. The same factors were used in the initial model as in the mood predictions, 1.e., 
sex, rank, watchstander status, PSQI score, sleep duration, and time awake. A generalized 
linear model, with binomial distribution, and logit link function was fit with these 
parameters then factors were trimmed by statistical significance. Results are shown in 


Table 9. For nicotine use, the factors that were statistically significant at 0 = .05 were sex 
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and rank, though PSQI approached significance (p = .122). The relative likelihood of the 
model without PSQI compared to the model with PSQI was only 0.002, the generalized R* 
and AICc with PSQI were 0.17 and 191, without PSQI they were 0.178 and 203. Therefore, 
it was decided to keep PSQI in the model. Males who are E6 and below and classified as 
poor sleepers were more likely to use nicotine. For exercise, the only significant factor was 
sex, with females being more likely to skip workouts. Sleep duration was significant for 
predicting viewing electronics prior to sleep, with short sleepers tending to use electronics 
prior to sleep. For caffeine use, only PSQI was significant, with poor sleepers being more 


likely to abuse caffeine. The results are summarized in Table 9. 


Table 9. Sleep and Behavior, Models 








Recdae Factors B p-value Lower 95% Upper 95% 
Nicotine [Yes] Intercept 232 <.001 -3.46 -1.29 
Sex [Female] -0.64 014 -1.22 -0.16 
Rank [E6 and Below] 0.73 005 0.26 1.3 
PSQI 0.08 122 -0.02 0.19 
Exercise [No] Intercept -0.75 .003 -1.17 -0.35 
Sex [Female] 0.42 029 0.04 O79 
Watchstander [Yes] 0.41 031 0.05 0.81 
Electronics [Yes] Intercept -2.91 037 577 -0.25 
Sleep Duration 0.75 002 0.31 1.25 
Caffeine Intercept 46.3 383 -57.8 150 
PSQI 26.6 < .001 11.8 41.5 





K. SUICIDE RISK 


The last goal of this thesis is to assess the prevalence of suicide risk factors in our 
sample. From the literature review in Chapter II, we identified 16 factors associated with 
suicide. For each of these factors we identified a criterion based on the finding from those 


studies. Table 10 shows the summary of the suicide risk factors and corresponding criteria. 
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Table 10. 


Suicide Risk Factors and Criteria 








Risk Factor Well Supported* Criterion** 
Sex Yes Male 
Age Yes <34 years 
Sleep Duration Yes <6 hours 
PSQI Yes >11 
ISI Yes 215 
ESS No 216 
Screen Time No Use Prior to Sleep 
Caffeine Misuse No >400mg 
Nicotine Use Yes Daily 
Exercise Yes No exercise 
Tension No >10 
Depression Yes =9 
Anger Yes >11 
Fatigue No >14 
Confusion No >12 
Vigor No <3 





*More than two studies were found supporting the factor. 


**Where applicable, criterion was set to be more conservative than the 
value found by at least one study. 





This section attempts to assess the prevalence of the risk factors exhibited by the 
participants of the study. To visualize the risk factors in the study sample, a frequency plot 
was developed by summing the number of risk factors for each participant. Figure 29 shows 
the findings. The risk categories with the highest prevalence is electronic use, begin 


younger than, or equal to 34 years of age, and having high anger-hostility scores. 


57 








Sailors 
,>eaeogoevxeenves 
. EES ==qqQq/— 


a i. & — 6) ~ ~ a 
ap NL DS y ay’ Or. YS L 
ot « ° «/ YOR” > Sy” AN = 
~ ed x > XY @ G .& O° WN A ye ee eS 
~ md ° S ~ = ma e) 4" 
SWE FS SF OS SSF FPS OSM 
s PP ES SF I SF fg 
— DS DRO EM Or DS 
@ \ Q — Y oN 
s Se AS VW 6D && 
N \ RC Us 
<Y - 
5 
2S 
oY 


Figure 29. Number of Sailors in Each Suicide Risk Factor Category 


Individually, the combination of factors for the participants with the greatest 
number of risk factors for suicide are shown in Figure 30. The red squares indicate the risk 
factor is displayed by the participant and the total number of risk flags is shown in the sum 
column. The participant with the highest number of risk factors displayed 12 of the 16 risk 
factors collected by the study. The participants with the lowest number of risk factors 
displayed 1 of the 16 factors. For rank, differences between number of risk flags by rank 
was significant (Welch’s ANOVA, F(4) = 43.92 , p = .016). Post hoc analysis showed that 
the only significant differences between number of risk flags by rank were between the E1- 
E3 group and the O2-O3 and E6-CW02 groups (Games-Howell, t(76.15) = 2.86, p = .042; 
t(25.88) = 3.14, p = .032). The mean number of risk flags for the E1-E3 group was 7.63 
(SD = 2.76), for the E6-CW02 group it was 5.82 (SD = 3), and for the O2-O3 it was 4.94 
(SD = 3.11). The difference between number of risk flags by department was significant 
(Kruskal-Wallis test, y7 (6) = 13.64, p = .034), but post hoc analysis showed no significant 
differences between departments. Finally, the difference between risk flags by watch 


schedule was significant (Kruskal-Wallis test, y7 (3) = 12.79, p = .005). Post hoc analysis 


58 


shows differences between sailors on the nightwatch to be significantly different than 
scores for those on daywatch (Tukey-Kramer HSD, p = .002), and those who stand no 
watch (Tukey-Kramer HSD, p = .028). 
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Figure 30. Number of Risk Factors by Participant 
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Vv. CONCLUSIONS AND RECOMMENDATIONS 


The first question this thesis sought to answer was whether a sleep debt exists 
among the USS Ashland’s sailors. Our findings show that, on average, all sailors involved 
in the study regularly received less than the recommended amount of sleep. Of note, sailors 
standing a varying watch schedule and those standing night watches received the shortest 
sleep duration while those on call or not standing watches had the longest sleep duration. 
One method to ameliorate the issue of sleep deprivation is to increase the manning levels 


of the ship. 


A recent study on two USN ships provided evidence that increasing manning levels 
can increase the amount of off-duty time available to sailors (Garbacz, 2019; Murph, 2019). 
If sailors have more off-duty time, then they have more opportunities to sleep. A possible 
solution for the manning shortfall could be cross-training. These studies suggest that watch 
schedule is a major factor in sleep loss. Watch scheduling problems are affected by the 
number of qualified watchstanders (Miller, 2006). Therefore, it might be beneficial to 
qualify non-traditional watchstanders into positions to cover a shortfall in qualified 
personnel. In either case, care should be taken in developing an appropriate watchbill based 


on the number of watchstanders available (Miller, 2006). 


Although many participants in the study did not receive the recommended amount 
of sleep, the lack of sleep was more pronounced for the O1, O4, and O5 group. Possible 
reasons that these individuals received less sleep could be their watch schedules, and/or 
training or supervisory requirements. Many O1s are standing watch while also earning their 
initial qualifications. Those watches are often overseen by the more senior officers (O4s 
and O5s) who would be held responsible should any mishaps occur under the control of 
the junior ensigns. This situation could lead to both sets of sailors experiencing short sleep 
duration. This issue is significant because sailors are making judgement calls and 
performing high risk tasks; a lack of sleep can lead to reduced performance and longer 
reaction times (Belenky et al., 2003). In a case study of one commanding officer, it was 
found that “for 15% of waking time, the CO had a predicted effectiveness of less than 70% 


on the FAST scale, equating to a blood alcohol equivalent of 0.08%, or legally drunk” 
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(Shattuck & Matsangas, 2015, p. 481). Again, one possible solution would be to increase 
the number of qualified, senior watch standers who can be held responsible for mishaps 
that may occur while training junior ship handlers. Recent mishaps have shown the impact 
manning shortfalls can have on crew fatigue and crew endurance (Davidson, 2017). 
Adjustments to the way we train and an increase in manning on ships would allow the 
trainers to rotate out more frequently and reduce the need for the commanding officer to 


remain on the bridge for such long periods of time. 


While investigating the POMS scores by group, it was found that those sailors 
standing the night watch had the highest TMD scores compared to those standing no watch 
or those who were on call. However, the scores of sailors standing a varying watch did not 
differ from those standing other schedules. This finding was surprising; because sailors 
standing a varying watch schedule had the shortest sleep duration, it was expected that they 
would have the highest TMD scores. This result may be attributed to the perception of 
fairness. That is, sailors standing night watch consistently may feel they are not being 
treated fairly, and that the varying watchbill is perceived as more equitable in that everyone 
on it is equally receiving less sleep. It is recommended that the watchbill of sailors be 
developed and implemented according to other industries that must work 24 hours a day, 
seven days a week. It is recommended that nine principles should be followed when 
developing these watchbills (Miller, 2008). These nine principles are summarized in 
Table 10. It was also of interest that the post-study POMS scores were lower (better) than 
those of the pre-study POMS. We postulate that one possible reason for this change was 
that the ship was scheduled for a port visit and the sailors may have been excited at the 


prospect of getting off the ship. 
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Table 11. Nine Principles of Shiftwork. Adapted from Miller 
(2008, pp. 15-16). 








Principle Description 

Circadian stability Minimize changes in the body’s sleep 
schedule. 

Short shift length “The use of a shift length of no more than 8 


hours, except for using a 12-hour shift length 
for jobs with low physical and emotional work 
stresses and low demands for vigilance 
performance” (p. 15). 


Minimum consecutive night shifts “Minimize the number of consecutive night 
shifts. Preferably, there should be only single 
night shifts in a shift plan” (p. 15). 


24 Hours of off time after each night shift “Recovery from night work should occur on 
days off’ (p. 15). 


Maximum number of free days on weekends “Many shiftworkers express dissatisfaction 
with the fact that they do not have the free 
weekends that are available to their peers who 
have weekday-only jobs” (p. 16). 


At least 104 days off per year Maintains equity since ‘“weekday-only 
workers have 104 days off per year, on their 52 
weekends” (p. 16). 


Equity “All shiftworkers should be exposed to equal 
demands for long-duty days, night work, and 
weekend work and should also have equal 
access to good-quality time off and weekends 
off” (p. 16). 


Predictability “The schedule should be so easy to understand 
that workers may apply simple arithmetic to 
predict their actual work and free days well 
into the future” (p. 16). 


Good quality time off “Tt is likely that higher quality of time off 
reduces the likelihood of chronic fatigue” (p. 
16). 





This thesis also sought to answer whether the sleep of the USS Ashland’s sailors 
was significantly different compared to other ships/platforms. Although there was no 
statistically significant difference between the amount of sleep received by the sailors on 


the Ashland and other platforms, it should be noted that only 5 (13%) of the platforms that 
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have been studied over the past 18 years averaged the recommended amount of sleep 
during the course of the studies. This finding indicates a more systemic sleep problem 


across the Navy and presents an opportunity for future research. 


This thesis explored the relationship between sleep, mood, and behavior among 
different groups on the ship. Sleep quality, and mood and caffeine use were related to each 
other. Specifically, scores for total mood disorder worsened and the amount of caffeine 
consumed increased as sleep quality decreased. Sleep duration was related to the use of 
electronics before bed. As sleep duration increased the likelihood of using electronics 
before bed decreased. It should be noted that these relationships do not imply causation; it 
is not known which direction the effects go. For example, it may be that shorter sleep 
duration makes a sailor more likely to use electronics, or that a sailor who uses electronics 
before bed gets less sleep because of that choice. More research should be done in these 


areas to determine causality and direction of the effects. 


Finally, this thesis assessed the prevalence of risk factors for suicide. From the 
scientific literature, those factors that have been found time and again to be related to 
suicide were extracted. The overwhelming consensus is that mood and sleep are almost 
universally associated with suicide. Depressive mood is one of the most powerful 
predictors of suicide and is often present in suicide ideation. Sleep is another important 
factor associated with suicide. Each participant’s individual scores from the various 
questionnaires and the objective measure of sleep were used to calculate the number of 
potential suicide risk factors present for each participant. A number of these risk factors 
where present in the study participants. The groups with the highest number of risk flags 
were the E1-E3, and O1, O04, O5 groups and those sailors standing nightwatch. These 
groups with the highest number of risk flags had the shortest duration of sleep, the highest 
POMS scores, and highest ESS scores. To reduce the risk of sailor suicide, one potential 
starting point would be to set conditions that allow them to get more and better-quality 


sleep. 
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